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3 Observatory Description and Constraints
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This section addresses the SIRTF Observatory design and the observational constraints that arise from
that design.  The SIRTF Observatory consists of f ive basic elements: the cryogenic telescope
assembly (CTA), the spacecraft (S/C), and the three science instruments.  In this section the S/C and
CTA design (not including the telescope design, which is addressed in chapter 4), are discussed.
The design and performance of the pointing and control system (PCS) are also discussed.

3.1 Observatory Design and Operations Concept

SIRTF is unique in many ways; the cryostat and mission design allows a very long cryogenic li fetime
with a relatively small amount of cryogen9 (335 liters of superfluid helium). The helium bath
temperature is maintained at 1.4 K, the telescope temperature can be ≤5.5 K, and the outer shell
temperature is approximately 40 K. Some of SIRTF's unique features are its earth-traili ng solar orbit
and the fact that the telescope is launched at ambient temperature. This "warm launch" architecture
allows SIRTF to achieve its goal li fetime with a smaller, lighter cryostat than would otherwise be
required.
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Figure 3-1: Basic External View of SIRTF

A basic external view of SIRTF is shown in Figure 3-1. The Spacecraft assembly is slightly less than
4 meters tall and about 2 meters in diameter and has a mass of approximately 900 kg.  It provides
structural support, pointing control and telecommunications and command/data handling for the entire
Observatory.  The Spacecraft, including the Spacecraft Bus, the Solar Panel and Pointing Control

                                                
9 For comparison, IRAS had a 10-month lifetime using 560 liters of liquid helium and ISO had a 28-month li fetime using
2140 liters of cryogen.
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System (including the Pointing Control Reference Sensors or PCRSs, which are located in the focal
plane) are provided by Lockheed Martin Missiles and Space Company.

The CTA, shown in Figure 3-2, consists of the telescope, the superfluid helium cryostat, the outer
shell group and the Multi -Instrument Chamber (MIC), which hosts the cold portions of the IRAC, IRS
and MIPS science instruments and the PCRS. The telescope assembly, including the primary and
secondary mirrors, metering tower, mounting bulkhead (all made of berylli um) and the focus
mechanism, is mounted and thermally connected to the cryostat vacuum shell .  The barrel baff le of
the telescope assembly is separately attached to the vacuum shell at its flange.  The MIC, an
aluminum enclosure containing the instrument cold assemblies, is mounted on top of the helium tank.
The vapor cooled shields, the vacuum shell and the outer shields are connected to the cryostat by a
series of low connectivity struts. The CTA is provided by Ball Aerospace and Technologies
Corporation.
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Figure 3-2: Cryogenic Telescope Assembly

The Observatory coordinate system XYZ (shown in Figure 3-3) is an orthogonal right-hand body-
fixed frame of reference.  The X axis passes through the geometric center of the top surface of the
S/C, is parallel to the CTA optical axis (which passes through the primary and secondary mirror
vertices), and is positive looking out of the telescope.  The Z-axis intersects the line forming the apex
of the two surfaces of the solar panel.   The Y-axis completes the right hand orthogonal frame.  The X-



18

axis origin is defined such that the on-axis point between the CTA support truss and the S/C bus
mounting surface is located at X = +200 cm, in order to maintain positive X values throughout the
Observatory. The XZ plane, which bisects the solar panel, is always oriented towards the sun within 2
degrees (i.e., the roll angle is constrained to ±2°).

X
Y

Z

S/C-to-CTA interface plane at station X = 200 cm

Figure 3-3: Observatory Coordinate System

SIRTF will be operated autonomously for moderately long periods of time (12 to 24 hours)
interspersed by short periods (30-60 minutes) of ground contact.  In extreme circumstances, SIRTF is
designed to survive for up to a week with no ground contact at all .

During routine science operations, SIRTF will typically execute a pre-planned weeklong schedule of
science observations, calibrations and routine engineering activities, which has been uploaded in
advance and stored on board.  This "master sequence" might typically have a 12-24 hour Period of
Autonomous Operation (PAO) containing observations and calibration activities followed by a 30-45
minute period spent re-orienting the Spacecraft for downlink and transmitting the data to the ground.
After the downlink, SIRTF would return to the pre-planned sequence of observations and calibrations.
Because eff icient communication with the ground requires use of the high-gain antenna mounted on
the bottom of the spacecraft (Fig 3-1), executing a downlink of the collected data requires slewing the
spacecraft to orient the high gain antenna toward one of the Deep Space Network (DSN) stations on
Earth.  Any of the three DSN sites (Canberra, Madrid and Goldstone) can be used. During the time
(~60 minutes per day) that data are being transmitted to the ground, no science data can be collected.

If a downlink opportunity is missed (e.g., due to a failure at the ground station) SIRTF will preserve
the collected science data, will continue collecting new science data as scheduled and will attempt to
downlink at the next scheduled opportunity.  No data are lost or overwritten unless the entire mass
memory (16 Gbits) has become full of un-transmitted data.
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3.1.1 The Warm Launch and Telescope Temperature Management

One of the unique aspects of SIRTF is the warm launch concept.  The telescope is at ambient
temperature at the time of launch and gradually reaches its lowest operating temperature (≤5.5K) 30
days after launch, cooled by a combination of passive cooling and vapor vented from the cryostat. The
science instruments are in contact with the 1.4K helium bath at all times and are thus cold at the time
of launch.

Because the telescope is cooled by vapor vented from the cryostat, once a steady state has been
reached, the telescope temperature depends upon how much power is dissipated in the cryostat.
Because the cryogenic design and performance depend upon near-zero parasitic heat loads, the power
dissipated is essentially that of the instrument in use.  Based upon current knowledge of the science
instruments' power dissipation, the telescope temperature would naturally vary from ≤5.5K to ~12K.
A "make-up" heater is available to add additional heat when needed to lower the telescope
temperature. Since very low background is required for 160-µm observations, the telescope will
always be maintained at ≤5.5K during planned MIPS campaigns.

3.1.1.1 IMPACT ON OBSERVERS

In general the variation of telescope temperature has no effect on observation planning. For Target of
Opportunity (ToO) observations that require optimal 160-µm data from MIPS, an additional
scheduling delay may be incurred by the need to bring the telescope temperature down prior to
observation.  It is possible for the observer to specify if highest-quali ty 160-µm data are required
when observing with MIPS; this will be used to ensure the observation is scheduled when the
telescope is at ≤5.5K.

3.1.2 Data Storage

SIRTF 's Spacecraft includes the command and data handling subsystem (C&DH) which shares the
flight computer (a RAD 6000) with the pointing control subsystem (PCS). The C&DH validates and
executes either previously stored or real time commands, receives and compresses data, and writes the
compressed data into the mass memory. The C&DH also provides a stable clock to correlate data and
events.

During normal SIRTF science operations, the Observatory will collect, compress and store 12 hours
worth of science data prior to downlinking it.  SIRTF has 8 Gbits of solid state memory available for
each of two redundant flight computers, for a total of 16 Gbits of storage.   During each 12-hour
period of autonomous operations, up to 4 Gbits of the memory are fill ed. Enough additional storage
capacity is left unused during that 12-hour PAO to permit missing a downlink opportunity (e.g., due
to a problem at the ground station) and continuing to observe without overwriting previously collected
science data. Since the full mass memory (16 Gbits) is available to both redundant computers,
multiple passes would have to be missed before the risk of losing science data that had not been
transmitted to the ground becomes significant.
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3.1.3 Data Transmission

SIRTF has two antenna systems for data uplink and downlink.  The high gain antenna (HGA)
supports a maximum downlink rate of 2.2 Mbit/s for the first 3 years of the SIRTF mission using a
34m DSN antenna.  Since SIRTF drifts away from the Earth at about 0.1AU per year, the data
transmission rate on the HGA decreases as a function of time which will eventually necessitate longer
downlink passes or the use of a 70m DSN antenna to retrieve the same amount of data.  The two low
gain antennae (LGA) give wide angle coverage but only support downlink at 44 kbit/s at the
beginning of routine observing and the rate decreases to 40 bps after 3 years.   The LGA are used
during In-Orbit Checkout and in safe mode but are not normally used to transmit science data during
routine science operations.

Because of the location of the high gain antenna it is necessary to stop observing and point the
telescope in the anti-Earth direction to downlink the science data.  Depending upon the details of the
observations that are scheduled, SIRTF will produce ~1 to 4 Gbits of (compressed) science data
during 12 hours of observing.  Initially SIRTF will collect data for about 12 hours and then spend up
to about 30 minutes downlinking the data.  The scheduling system will predict the compressed data
volume that will be generated during each downlink and will schedule the downlink contact time
accordingly.  The downlink periods are also used for some spacecraft maintenance activities (such as
dumping momentum) and for uplinking commands.  Later in the mission, if low volumes of data are
being generated, longer periods of time between downlinks may be used.

At each downlink opportunity, SIRTF attempts to transmit all the data in the mass memory. Any data
that the ground has not confirmed receiving will be retransmitted at the next downlink pass.  It is
anticipated that some data could be missed at any pass, and it may take several passes before the
ground receives all the science data for a given observation.

Whenever the HGA is used for downlink, it is also possible to uplink commands and files to SIRTF.
Normally, only one communication period per week will be used to send up all the sequences and
information needed to support the next upcoming week of observation. No communications with
SIRTF are planned outside the scheduled downlink sessions.

3.1.3.1 IMPACT ON OBSERVERS

The downlink strategy has littl e impact on observation planning with SIRTF.  It is one component in
determining the maximum length of an AOR, but the necessity for instrument maintenance operations
and pointing system calibrations on shorter than 12 hour time scales constrains the maximum AOR
length more tightly than the downlink schedule10. A 12 to 24 hour interval between downlinks does
imply that it can be a day or longer before science data are available on the ground after an
observation is complete.

The uplink strategy also does not directly affect observation planning, but it drives the time scale on
which changes to the stored science schedule and its contents can be made (e.g., for a Target of
Opportunity).

                                                
10 Currently the maximum length of an AOR is  6 hours for IRAC and IRS, and 3 hours for MIPS.
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3.2  Sky Visibility

3.2.1 Solar Orbit

An important innovation enabling SIRTF to accomplish ambitious scientific goals at a modest cost is
its Earth-traili ng heliocentric orbit (shown in Figure 3-4), in which the Observatory drifts away from
Earth at the rate of ~ 0.1 AU/year.  This will substantially help prolong the coolant li fetime, by
supporting an operating regime in which most of the cryogen is dissipated in cooling the detectors
rather than lost to parasitic heat loads.  In addition, this orbit reduces the visibili ty constraints
compared to what would have been the case in a near-Earth orbit, allowing all parts of the sky to be
visible for at least two extended periods each year and some zones to be visible continuously.

Figure 3-4: This figure shows SIRTF's solar orbit projected onto the
ecliptic plane and viewed from ecliptic North. In the rotating frame,
the Earth is at the or igin and the Earth-Sun line is defined as the X-
axis. " Loops" and " kinks" in the trajectory occur at approximately
1-year intervals.
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3.2.2 Pointing Constraints

SIRTF's view of the sky will be limited by two hard pointing constraints, ill ustrated in Figure 3-5:

• The angle between the boresight and the direction of the sun may never be less than 80 degrees.
• The angle between the boresight and the direction of the sun may never exceed 120 degrees.

The area defined by these hard constraints is called the Operational Pointing Zone or OPZ. In
addition, some bright objects  (such as the Earth) will normally be avoided because they would
degrade the quali ty of the observation due to direct exposure or stray light, but this is not a strict
constraint (see Section 3.2.6 and Appendix 9.2). Note that the definition of the OPZ precludes
observing Mercury or Venus with SIRTF.

Figure 3-5: The main geometr ic observing constraints form an area
called the Operational Pointing Zone (OPZ).
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3.2.3  Viewing Periods

The amount of time during the year any particular target is visible depends primarily on the absolute
value of its ecliptic latitude (Figure 3-6).  SIRTF's instantaneous window of visibili ty on the celestial
sky will form an annulus, perpendicular to the ecliptic plane, of 40-degree width and symmetrical
with respect to the Sun. This annulus rotates with the Sun to sweep out the full sky over the period of
a year. Any object will be visible to SIRTF at least twice a year, and it is essentially continuously
available during that visibili ty period (modulo periods when undesired bright moving objects are also
present and bright object avoidance has been selected, see section 3.2.6). Occultation or eclipses do
not interrupt the visibilit y. Near the ecliptic plane, the length of the visibili ty period is  ~40 days twice
a year. The visibili ty periods increase to about 60 days twice/yr at an ecliptic latitude of 45 degrees,
~100 days twice/yr at latitudes ~ 60 degrees, and reach constant viewing at the ecliptic poles.  About a
third of the sky will be visible to SIRTF at any time. Figure 3-7 ill ustrates how the total number of
days of visibili ty varies over the sky in several coordinate systems.
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Figure 3-6: Var iation of length of visibili ty period as a function of
ecliptic latitude for fixed (180 degrees) ecliptic longitude.
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Figure 3-7: Total days of visibili ty per year in equator ial, ecliptic and galactic
projections.
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3.2.4  How Visibility Evolves with Time

Figure 3-8 ill ustrates the zone of visibili ty in equatorial coordinates for two specific dates during the
first year of operations.  Contours for two different dates, in different colors, are shown on the same
plot to ill ustrate how the sky passes into and out of visibili ty as the calendar date advances.  Each set
of contours shows the available and forbidden zones for one day (in this plot, 2 April 2002 and 12
May 2002).  On each date, the anti-sun forbidden zone appears as a “bubble” in the middle region of
the plot.  Outside each “bubble” is the zone of visibili ty, which is bounded, by a second more
extended-looking solar forbidden zone.  Note that even targets at high declinations may fall i n the
forbidden zones part of the time, although objects at extreme declinations are generally visible for
most of the year.

Although these plots are accurate based on the spacecraft constraints and projected orbit at the time of
this writing, observers should always use the SIRTF planning tools to determine visibili ty of a target
on a particular day (see Chapter 5).

Figure 3-8: Example of Time Evolution of Visibili ty zones.
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3.2.5 Orientation of Focal Plane and Slits against the Sky.

SIRTF has very limited abili ty to rotate the focal plane of the telescope. At any given time, the center
of the sunshade is always kept within ±2 degrees of the Sun.  This limited freedom in the "roll" angle
will be used to maintain a consistent orientation for long observations (AORs) and is not selectable by
the observer.  For each target, the orientation of the focal plane on the sky is a function of the position
of the spacecraft along its solar orbit (i.e., the date of observation) and of the ecliptic latitude of the
target.  Targets in the ecliptic plane have only two fixed focal plane orientation angles. Elsewhere in
the sky, the focal plane has two ranges of orientation angle.

Science Instrument aperture orientation within the focal plane is physically fixed. Because the
spectrometer slits have quite different orientations within the focal plane (see Figure 2-1), this can be
particularly limiti ng for IRS observations, but it also affects mapping with MIPS and IRAC.

3.2.5.1 IMPACT ON OBSERVERS

SIRTF observations must be designed with this lack of roll control in mind. Observers who require a
certain slit or array orientation angle relative to the target must check to determine when, if ever, the
needed orientation is achieved and must request a suitable range of observation date(s).  It is possible
that a particular target might not be observable at the same time of year that a slit has the desired
orientation.  The focal plane/slit orientation on any date can be calculated and projected on the sky
using the SIRTF planning tools (see Chapter 5).

Because constraining the orientation tightly also constrains the scheduling time tightly it increases the
risk that an observation may be subject to schedule conflicts.  In addition, the presence of many
highly constrained observations will t end to reduce the Observatory's efficiency. Therefore it may be
beneficial to design observations that are reasonably robust over a range of focal plane orientations.
The use of the timing constraint to obtain a specific orientation or range of orientations must be
scientifically justified when the observation is proposed.

3.2.6 Bright Object Avoidance

No object outside the solar constraint zone poses a threat to instrument safety.  However, an observer
may wish to avoid observing the Earth and other bright moving objects to avoid compromising
observations of faint targets. Therefore, the visibili ty windows calculated by the SIRTF planning tools
avoid certain bright moving targets by default, but the observer can choose to override the default.  It
should be noted that it is the observer's responsibili ty to check for any bright inertial targets in the
field of view that might compromise the observation.

The visibili ty windows calculated for both inertial and moving targets will , by default, exclude
regions of time when the positions of (a) the Earth and Moon, and (b) a fixed list of bright moving
objects (e.g., Jupiter, Saturn, bright asteroids) coincide with the target position.  The visibili ty
windows will be trimmed to delete any time periods when the SIRTF target is within 1 degree of the
earth or moon and when the target is within 30 arcminutes of the other bright objects. The complete
list of the bright objects is in Appendix 9.2.

The observer may choose to override the default (a) Earth/Moon or (b) other bright object avoidance.
For example, to observe Jovian satellit es, one would turn off (b) and leave (a) in effect.



27

3.3    Operational Constraints

Because SIRTF is formally committed to achieving certain operational goals (efficiency and mission
li fetime), certain operational constraints must be adopted, which are described below.

3.3.1 Instrument Campaigns

SIRTF can only operate one Science Instrument at a time, and SIRTF observing will be divided into
dedicated Instrument Campaigns typically lasting from 3-10 days. Once the campaign plan for a
particular observing cycle has been established, it will be published on the SIRTF Science Center
WWW pages.

3.3.1.1 LENGTH OF  CAMPAIGNS

There is a significant overhead associated with changeover from one instrument to another due to the
need to perform routine calibrations and engineering activities at the time of switch-off and switch-on.
There are also performance limitations in some observing modes immediately following an
instrument changeover.  For example, the IRAC electronics require a warm-up of ~1/2 hour after
switch-on for the majority of integration times and the longest IRAC integrations will not be feasible
for the first several hours after switch-on.  The MIPS scan mirror also has temperature dependent
behavior as the warm electronics stabili ze. In addition, there is a modest reduction in pointing
accuracy following a change between the IRS/MIPS (which share common warm electronics) and
IRAC due to thermal distortion when the heat load is shifted on the spacecraft.

In order to achieve the required mission observing eff iciency and ensure good performance,
changeovers will be made as infrequently as possible without sacrificing science needs.  It is
estimated that the best balance between eff iciency and schedule flexibil ity will be achieved by using
each instrument for several (~3-10) days at a time.    This will generally permit long mapping projects
as well as highly time-constrained observations.  The 3 to 10 day length is the expected typical case,
not a rule.  An Instrument Campaign may be interrupted in order to perform urgent Target of
Opportunity observations.

3.3.1.2 SEQUENCE OF INSTRUMENTS

The instrument campaigns will usually be scheduled in a fixed order.  At this writing, it is believed
the default ordering will be IRAC -> MIPS -> IRS -> IRAC in order to minimize adverse affects to
pointing performance due to thermal distortions which occur when switching from IRAC to the
Combined Electronics Instruments (MIPS & IRS).  Thus MIPS precedes IRS, as IRS is more sensitive
to stabili ty and precision of pointing maneuvers.  However, there are other effects which also drive
the ordering and the precise sequence of instrument campaigns is subject to change.

3.3.1.3 IMPACT ON OBSERVERS

Instrument campaign length and the order in which instruments are scheduled are both flexible
guidelines rather than unbreakable rules.  However, they will be carefully orchestrated to ensure
maximum overall science return from SIRTF.  Therefore, observations, which necessitate unusually
short campaigns, and observations that necessitate interruptions to instrument campaigns impact the
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Observatory eff iciency and require strong justification.  They may also incur substantial additional
overheads. (See SIRTF Observing Policy #1 for details).

Targets of Opportunity, by their nature, can occur in the middle of the "wrong" instrument cycle; this
is taken into account in the overhead assessed for ToOs that require rapid (~48 hour) response. The
observer may want to take this into account when deciding how rapid a response to the proposed
phenomenon is required to support the science goal of the observation. (See SIRTF Observing Policy
#5).

The other category of observations which strongly perturb the system are those which require
sequential observations with all three instruments on a rapid time scale.  If only two instruments are
required, then it may be possible to schedule the observations near a campaign boundary.  If all three
are required then it will be necessary to switch-on, calibrate, observe and switch-off in very short
order.  This is very ineff icient and may also adversely impact the quali ty of the data obtained. This
type of observation can be requested using the available scheduling constraints (see Section 5.5.3) but
requires a very strong scientific justification and will i ncur an overhead penalty.

3.4  Pointing Capabilities

3.4.1    Pointing Control System

The pointing control subsystem (PCS) includes the hardware and flight software necessary for
precision Observatory pointing, stabili zation, slewing, tracking, and safemode functions.  The PCS
performs the initial attitude acquisition of the Observatory following launch vehicle separation.  It
provides periodic boresight calibration for the telescope.  The PCS provides the capabili ty for both
rapid large angle slews and small maneuvers to place and reposition science targets within the science
instrument apertures; it maintains the solar array orientation toward the sun; and it points the high
gain antenna toward Earth for downlink.  The PCS ensures that the hard pointing constraints (see
Section 3.1) are not violated and places the Observatory into a safemode, in case of failure.

The PCS is a celestial-inertial, three-axis stabili zed control system.  A high performance star
tracker/inertial reference unit (ST/IRU) package provides attitude determination and reconstruction
capabiliti es.  On-board pointing commands and variables use the J2000 coordinate system. Reference
to the J2000 celestial sphere is implemented within the star tracker (ST) through autonomous

identification of stars carried in an on-board catalog of 87,000 Tycho stars down to 9th visual
magnitude11.

The ST provides star position measurements to an absolute accuracy of 1.5 arcsec (1 σ per axis per
star) to a 9th visual magnitude limit at 2 Hz.  The noise equivalent angle is 0.75 arcsec (1 σ per axis
per star).  The field of view is 5° x 5°, which ensures a minimum of 4 stars at the Galactic poles, and
typically 200 stars are used simultaneously, allowing a much greater accuracy. The IRU provides bias

instabili ty better than 0.003°/hr over 8 hours, angle random walk better than 10 µdeg hr-1/2, and
resolution of 0.005 arcsec.

                                                
11 The on-board catalog actually uses the ICRS coordinate system, so in fact the on-board pointing system is really ICRS.
However, the differences between ICRS and J2000 are so small (≤120 mas) that no conversions are made and SIRTF is
effectively considered to use the J2000 coordinate system.
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All telescope pointing is defined and calibrated relative to redundant pointing control reference
sensors (PCRSs) located in the focal plane.  During the course of the mission, the PCRS is
periodically (about every 8 hours) used to calibrate the telescope-to-star tracker boresight alignment
that may drift due to thermo-mechanical or other slowly varying effects.  The PCRS detector is a 4x4
Si PIN photodiode array.  Each pixel is 250 µm square, with a plate scale of 10 arcsec per pixel.  The
PCRS calibration measures the star position with an accuracy of 0.1 arcsec (1 σ per axis), and is
sensitive down to 10th visual magnitude at λ 550nm.

SIRTF also has Wide Angle Sun Sensors which measure the Sun position with respect to the
Observatory. These sensors are used during initial attitude acquisition after launch, as well as for Sun
avoidance, fault protection, and safe mode.  Each wide-angle Sun sensor provides a field of view of
2π sr with an accuracy of ±0.26° at null .  They are placed at the top and the bottom of the Sun shield
to maximize the coverage, with their boresights aligned to the spacecraft Z-axis.

Four reaction wheels provide the primary control actuation for all modes of operation.  They are
mounted in a pyramid orientation about the X-axis; each canted at 30° towards the X-axis.  Over time,
angular momentum accumulates in the reaction wheels, due primarily to the small offset between the
center of mass and the center of (radiation) pressure.  Unlike an observatory in low Earth orbit, which
can dump this momentum magnetically, SIRTF’s "Reaction Control System (RCS)" uses nitrogen
thrusters to provide the reaction wheel momentum unloading capabili ty; opportunities to dump
momentum are scheduled during routine downlinks.  The nitrogen supply is sized to accommodate a
mission li fetime in excess of 5 years.

The PCS is capable of slewing the Observatory 180° in 1000 s, 1° in 100 s, and 1 arcminute in 20 s,
while maintaining the inertial pointing accuracy. These times include the acceleration and
deceleration of the Observatory but do not in all cases include the time it takes for the PCS to stabili ze
after the slew has completed.  The pointing system has several operating modes, and the AOTs are
designed to use the pointing mode most appropriate for each observing mode. The settling time
varies, but can be as much as 20s.  The AOTs make use of an on-board slew completion and
stabili zation indicators to proceed with the observation as soon after a slew as is possible. Note that
the time required for small slews, dithers, offsets, settling, etc. within an AOR is considered part of
the observation.

The performance numbers presented in this and the following sections are based on present
understanding and simulation of the PCS performance.  They will be updated in subsequent releases
as our understanding of the system matures, and will be revised again after launch based on the actual
on-orbit performance of the system. The best available pointing system models will be incorporated
into the SIRTF planning tools.

3.4.2 Pointing Accuracy and Stability

The blind pointing accuracy is currently projected to be the same as the on-board attitude knowledge
≤1.7 arcsec (1 σ radial rms.) with a stabili ty of 0.2-arcsec 1 σ radial rms. In the incremental pointing
mode the PCS performs controlled repositioning of the boresight with an offset accuracy of 0.4 arcsec
(1 σ radial rms.) across angular distances of up to 30 arcminutes.  This accuracy is suff icient to move
a source from the IRS peak-up array to one of the spectrometer slits.
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MIPS observers should note that the initial blind pointing accuracy for the 160µm array is expected to
be significantly less than for the shorter wavelengths (~3.9 arcsec).  See Chapter 8 for more
information.

3.4.3 Scanning Stability and Performance

SIRTF can execute linear scans at selected rates from 0.01 arcsec/s to 20 arcsec/s.  The MIPS Scan
Map mode uses rates from 2 to 20 arcsec/s and the IRS Spectral Mapping Mode will use rates from
0.01 to 1 arcsec/s.  The scan stabili ty is 0.7” in 15, seconds and 1” in 150 seconds for rates between 2
and 20” /s.

3.4.4 Tracking Capabilities

SIRTF does not have a true tracking capabili ty for Solar System Objects (SSOs).  However, SIRTF
simulates tracking by scanning in linear track segments at rates up to 1 arcsec/s.   The linear track
segments are linear in equatorial coordinate space; they are commanded as a vector rate in J2000
coordinates, passing through a specified RA and Dec at a specified time.

The SSO ephemerides are maintained on the ground rather than on-board SIRTF, but an observer may
specify flexible scheduling constraints and the linear pseudo-track specification (start point, rate and
direction, in equatorial J2000 coordinates) is calculated at the time of scheduling.  The observation is
executed at the scheduled time  (within a window of +2, -0 s) and the PCS follows the track as
specified, assuming the given start point corresponds to the time given in the track command. All
other PCS movements can be superposed on a specified track, including dithers and scans.

PCS simulations indicate that the blind track acquisition accuracy is ~< 2” independent of the track
rate, which is consistent with expected performance on fixed targets. The track stabili ty is expected to
be better than scan mode requirements: ~0.5 arcsec in 1000s. The offset accuracy during tracking is
expected to be 0.4” , also consistent with the required performance on fixed targets.

Section 5.6 presents more detailed information on observing Solar System Objects.

3.4.5    Pointing Reconstruction

Pointing reconstruction refers to the post-facto determination of where the telescope was pointed to
with a greater accuracy than was known by the flight system.  SIRTF has a requirement to perform
pointing reconstruction to 1.4 arcsec.  However, because the blind pointing performance and on-board
knowledge is anticipated to be much better than required, there are no plans to do any reconstruction
on the ground. The nominal pointing, as indicated by PCS telemetry, will be reported in the data
products and will typically be accurate to ≤1.4 arcsec except for observations scheduled immediately
after an instrument changeover (in which case the inaccuracy may be as much as ~2 arcsec).

The actual pointing performance will be verified during SIRTF's In-Orbit Checkout.
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